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INTRODUCTION

In 2012, 250 million kilograms (553 million pounds) of blueberries were utilized
(fresh and processed) for consumption, which is more than double from 133 million kg
(294 million pounds) in 2000 (USDA, 2012). A major reason for this increase in demand
is because of the popularity blueberries are gaining due to their positive health effects
(Routray and Orstat, 2011; USHBC, 2014). Blueberries are known as “superfruits”
(Stevenson and Scalzo, 2012) and contain antioxidants that combat free radicals that
cause damage to the cell’s DNA. This damage contributes to chronic diseases such as
cancer and Alzheimer’s (Finkel and Holbrook 2000; Krikorian et al, 2010; Stevenson and
Scalzo, 2012). Blueberries have the highest levels of antioxidant capacity of berries due
to very high anthocyanin levels, which are found in the skin of the fruit and contribute to
its blue to purple color. One cup of blueberries (approximately 140 g) has an oxygen
radical scavenging capacity (ORAC) of 3200 ORAC units (Prior and others, 2007). On
average Americans that consume five cups of fruits and vegetable ingest 1670 ± 200
ORAC units (USHBC, 1998). Blueberries were ranked as the second most important
commercial berry crop in 2012 with a total crop value of $850.9 million (Geisler, 2013).
Blueberries are becoming more and more popular in new food products on the market for
health conscious consumers (USHBC, 2011). Recently, blueberries have begun to appear
in pet food products, creating an entire new market for blueberries.
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North America is currently the leader in blueberry production for both fresh and
processed use. In 2011, 196,905 million kg of blueberries were produced in the United
States. The next highest producer was Canada with 112,363 million kg and Poland was
the third highest producer with 8,595 million kg (USDA, 2013). North America is also
currently the largest leading exporter of fresh blueberries worldwide; approximately 65%
of the world’s fresh blueberries are exported from North America, followed by South
America with 21% (California Giant Berry Farm, 2010). North America produces 57% of
the world’s fresh highbush blueberries and 85% of the world’s processed highbush
blueberries (USHBC, 2012).
The most common blueberry species on the market in the US today is the
highbush blueberry-Vaccinium corymbosum. It is grown in the northeastern and
northwestern regions of the United States and is popular in states such as Michigan, New
Jersey, Oregon, Washington, and California. Highbush blueberries are also largely grown
in Canada, mainly British Columbia (USHBC, 2014). Highbush blueberries are
impossible to grow and produce in southern regions because of the South’s hot, humid
climate. Blueberries have a chilling requirement in order to break winter dormancy and
grow the following spring. Highbush blueberries are adapted for a longer chilling period
due to long winters in northern areas in the United States (Williamson and others, 2013).
Rabbiteye blueberries (Vaccinium ashei) are a popular species of the southern
United States because they are able to withstand warmer temperatures. Rabbiteye
blueberries are produced in southeastern states including Georgia, Florida, and
Mississippi. The rabbiteye blueberry receives its name because the immature berries are
pink, resembling an albino rabbit eye.
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Southern highbush blueberries are a hybrid between Vaccinium species (V.
darrowii *V. corymbosum) (Fonsah and others, 2013). These southern highbush
blueberries are hybridized for soil adaptability, heat tolerance, and winter chilling which
makes them suitable for growing in the southeastern United States. These blueberries
typically have thinner skin and ripen 1-3 weeks earlier than rabbiteye cultivars. Southern
highbush blueberries production has rapidly increased more than other blueberries on the
market and are beginning to account for a higher percentage of total blueberry production
(Carter and others, 2002; Stringer and others, 2012).
Rabbiteye blueberries have been perceived to have “inferior quality” to the
market equivalent highbush blueberries (Makus and Morris, 1993). These differences are
said to be due to the firmer, thicker skin of the rabbiteye berries and a higher level of
seediness. These differences may be positive for blueberry growers. The thicker skin may
allow for better harvesting, shipping, and processing of the blueberries (Silva et al.,
2005). The thicker skin also makes them more resistant to mechanical harvesting which
has been steadily increasing due to increasing labor costs and availability (Sargent and
others, 2013). Since the U.S. is continuing to export blueberries throughout the world, the
firmer skin may allow for better keeping quality of the berries. Berries to be utilized for
fresh market must maintain quality two to three weeks after harvest to meet consumer
acceptability. The firmer skin makes it more likely that the fruit will be acceptable 2 to 3
weeks post-production (Sargent and others, 2013).
In one study, fresh and refrigerated rabbiteye and highbush blueberries were
tested for keeping quality (Marroquin 2005). In a sensory panel, there was no difference
in color, skin toughness, or flavor for both fresh and refrigerated berries. However, the
3

rabbiteye skin was tougher when performing a puncture test. After 25 days of refrigerated
storage (25°C), the rabbiteye blueberries showed less decay (5.4%) than the highbush
blueberries (12%). This indicates that the rabbiteye is a longer keeping berry under
refrigerated storage.
Rabbiteye blueberries have been reported as seedier than the highbush blueberry
(Marroquin 2005). In many studies, the average size of a berry is directly correlated to
the number of seeds per berry (Brewer and Dobson, 1969; Naugi et al, 2005; Chao,
2005). However, there have been no studies relating seediness in blueberries and sensory
differences or consumer acceptance.
The objectives of this study were to: 1. Determine the seediness of different
varieties and lines of blueberries, 2. Determine if consumers and experts could detect any
sensory differences between berries with difference seediness values, and 3. Determine
quality traits of the samples that were tested.
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LITERATURE REVIEW

Seediness and sensory characteristics
The US Highbush Blueberry Council, USHBC (2014), has reported a steep
increase in the consumption of fresh blueberries. This increased demand has led to the
breeding of new blueberry cultivars in hopes to improve the quality and shelf life of fresh
berries. This quality can be determined by characteristics such as fruit size, color, skin
toughness, juiciness, sweetness, tartness, and seediness (Iglesias and others, 2008; Saftner
et al., 2008).
Seediness is one quality trait that has been shown to reduce consumer
acceptability in fresh market fruits (Vithanage, 1991). Studies have shown that the
seediness of a fruit is positively correlated to fruit size when size is represented as fruit
diameter and/or fruit weight (Chao 2005, Brewer and Dobson 1969). In a study by
Krezdorn (1967) on tangelo fruits, there was a direct correlation between fruit diameter
and number of seeds per fruit. Fruits with minimal to no seeds were much smaller than
those that contained seeds. Krezdorn also found that single-seeded fruits, in which seeds
are killed early in development, still grow to full maturity but result in much smaller size
than their seeded counterparts.
Blueberries require pollination for fruit growth to occur. Some blueberries are
self-fruiting while others require insects to pollinate (Agricultural Research Service 5

USDA, 2009). Cross-pollination (pollination from one blueberry variety with another
variety) can increase the seediness of a crop, as shown in fruits such as apples, grapes,
passion fruit, kiwi fruits, and blueberries (Vithanage 1991). In a study on mandarins, it
was suggested that a pollinator could increase fruit size without increasing seediness
(Vithanage, 1991). Research is currently underway to grow mature fruit without seeds.
Greenhouse studies examining parthenocarpy, the development of the fruit without seeds,
in rabbiteye blueberries have been performed (Ehlenfeldt, 2012). One may expect
parthenocarpy to result in small fruit size, however, this study showed no relationship
between parthenocarpy and fruit size and/or set. Results of the study varied between
rabbiteye cultivars. ‘Chaucer’, a newer Florida cultivar, showed high fruit set without
pollination but small mature fruit size. ‘Owen’, an older cultivar, showed minimal fruit
set without pollination.
Studies have shown that to some consumers, quality is more important than price
(Almenar and others, 2009; Giongo and others, 2013). It has been suggested that quality
characteristics are affected by factors such as climatic conditions, growing locations, and
the properties of different cultivars (Saftner et al, 2008; Nunes and others, 2013). In a
study by Silva et al. (2005), frozen rabbiteye and highbush blueberries were compared
using sensory evaluation and no differences (P ≤ 0.05) were found in color, skin
toughness, or flavor. Differences were found, however, in seediness. Two previous
studies showed that rabbiteye blueberries possess tougher skins and grittier mouth feel
after prolonged time in frozen storage (-18°C) (Dekazos, 1977; Woodroof 1939). It was
determined that the increase in grittiness was largely due to cell rupture from ice crystal
formation.
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In this study, a consumer panel and a descriptive panel were conducted to
quantify differences in sensory characteristics of thawed blueberry varieties. In the
consumer panel, panelists were asked to determine the degree of difference between
southern highbush and rabbiteye blueberries compared to control highbush varieties. A
descriptive panel was performed testing color, shriveling, skin intactness, skin toughness,
grittiness, seediness, chewiness, juiciness, sweetness, tartness, and blueberry flavor (Silva
et al., 2005; Saftner and others, 2008; Almenar and others, 2010). In a study by Silva et
al. (2005), no differences were found between color, skin toughness, or flavor attributes
but differences were found in seediness between fresh and refrigerated rabbiteye and
highbush blueberries. Saftner et al. (2008) reported differences for skin toughness,
chewiness, juiciness, sweetness, and tartness between highbush and rabbiteye cultivars; it
was suggested that maturity (i.e. ripeness) affected sensory results although no
instrumental measurement adequately predicted scores for consumer acceptability.
Overall eating quality was found to be most highly correlated with flavor acceptability
and blueberry-like flavor intensity. Almenar and others (2010) found similar results;
chemical composition affected flavor attributes and overall consumer acceptability
between blueberry varieties. It was found that berries with a higher soluble solids content
had a higher perceived sweetness although consumers preferred berries that were less
sweet.
Chemical Analysis
It is suggested that the ripening of fruits affect their sensory properties (Kalt et al,
2003). The ripening of fruit is commonly shown by a change in the color of the fruit;
chemically, this is caused by development of phenolic compounds in the berries.
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Phenolics are a class of compounds characterized by an aromatic hydrocarbon
ring with an attached hydroxyl group. Typically, phenolics in fruits are flavonoids and
are found in the skin of fruit. Blueberries are comprised of anthocyanins, a class of
flavonoids comprised of 8 conjugated double bonds that give mature blueberries their
dark purple or blue color. Anthocyanins change colors due to pH; under acidic conditions
anthocyanins are red while under alkaline conditions anthocyanins are blue to purple
(Radovanović and Radovanović, 2010). Anthocyanins act as antioxidants by stabilizing
and deactivating free radicals and chelating metal transition ions (Duan and others, 2007).
Blueberries rank among the highest in antioxidant activity (Stojanovic and Silva, 2005).
In a study on cranberries, total phenolics changed only as fruit matured. It was
shown that total phenolics were 22% higher in red fruit than that in white fruit (Forney,
2012). In the same study, mature blueberries had 30% higher total phenolics than those
still ripening. Castrejon et al (2008) reported a greater concentration of total phenolics in
later harvested blueberries in two to four cultivars. However, some have reported that the
highest levels of total phenolics were found in immature fruits (Kalt et al, 2003;
Castrejon et al, 2008). Therefore, total phenolic levels may vary by cultivar for berries
during different stages of maturity.
Chemical composition can vary depending on climate conditions, cultivation and
harvesting of the berries, and maturity levels (Sne and others, 2011). Titratable acidity
(TA) can be used to measure maturity and fruit quality. Maturity is the most important
factor that determines final fruit quality. Immature fruits are more likely to shrivel and
succumb to mechanical damage while overripe fruits will become too soft for acceptable
quality (Kader, 1999). When fruit matures, the sugar content will increase while the TA
8

content will decrease. This inverse relationship causes the sugar-acid ratio to increase
with berry maturity (Chen, 2006). TA in blueberries should range between 0.3 and 1.3%
(Almenar and others, 2009).
Brix is a measure of total soluble solids content (SSC). The SSC of blueberries
consists of sugars and polysaccharides, such as fructose, glucose, and pectin, and organic
acids including citric and malic acid (Chen, 2006; Belitzet al., 2009). Kader (1999)
proposed a minimal SSC of 10 for blueberries to ensure acceptable quality of fruits. The
ratio between SSC and acidity can contribute to the fruit flavor; high SSC and high
acidity yield a good overall flavor while high acidity and low SSC can yield a tart
blueberry taste (Wang et al, 2009; Kafkas et al., 2006).
A ratio between sugar content and titratable acidity can be calculated to determine
the maturity index (Castrejon et al., 2008). Although there are currently no defined ratio
values for optimum quality and consumer acceptance, Saftner et al. (2008) suggests a
ratio between 10 and 33.

9

MATERIALS AND METHODS

Different varieties and lines of rabbiteye (n=34) and southern highbush (n=11)
blueberries were collected in 2013 from the USDA-ARS Small Fruits Laboratory located
in Poplarville, MS for comparison (Table 1). The berries were placed in Ziploc® (Ziploc,
Johnson & Son, Inc, Racine, WI, U.S.A) freezer bags, frozen at -18°C, and transported in
ice chests with ice packs (Marroquin 2005) to Mississippi State University (~4h). Upon
arrival, the berries were kept frozen and stored in a freezer (~ -18°C) until further use.
Seediness
Three blueberries (from each of the field replicated samples) were randomly
selected from each of the 46 selections. Blueberries were measured for size using a
plastic caliper (Mitutoyo America Corporation, Aurora, Illinois, U.S.A.). Two equatorial
diameters were taken, diameter front to back (ED1) and diameter side to side (ED2)
(Figure 1). A polar diameter, scar stem to bottom was also taken (PD) (Figure 1). The
number of seeds was measured in the frozen blueberries by defrosting the berries at room
temperature (~20°C) for approximately 30 min, and then peeling open the blueberries to
sift through a 250 μm sieve (U.S.A. Standard Testing Sieve, A.S.T.M.E.-11 Specification
No. 60. W.S. Tyler, Incorporated). Seeds remaining in the sieve were manually collected
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and counted by hand. Each berry served as one replication for a total of three replications
for each selection.

Figure 1

Illustration of blueberry dimension measurements.

Seediness, expressed as seeds per volume * 1000 (SPV), was calculated by
dividing the number of seeds in a berry by the total volume of that berry and multiplying
by 1000 (1).
Seediness = Seeds per volume (mm3) =

𝑆𝑒𝑒𝑑𝑠
4
𝑃𝐷 𝐸𝐷1 𝐸𝐷2
𝛱 ( )(
)(
)
3
2
2
2

X 1000

(1)

PD = polar diameter; ED1 = equatorial diameter 1; ED2 = equatorial diameter 2
Sensory Evaluation
Attribute Panel
A quantitative descriptive analysis (QDA) was performed on the 8 blueberry
groups. Participants were selected from students in the Food Science, Nutrition, and
Health Promotion Department at Mississippi State University. The panelists were trained
by explaining each of the attributes to be tested and presenting a food sample to
adequately illustrate each attribute. Attributes were tested on two consective days to
11

avoid sensory fatigue due to tasting a large amount of samples. Panelists were trained
twice, once before each panel. The attributes (Saftner et al., 20008) explained were as
follows:
Color was determined by the degree of dark purple hue (scale labeled light blue to
deep purple). Blueberries green to red in color and blue to deep purple in color were used
as references. Shriveling (fully round to shriveled) was determined by the amount of
change the berries had undergone from being fully round. Berries that had been
dehydrated were used as the reference. Skin intactness, (not intact to fully intact) was
determined by the amount of blueberry skin still intact or fully connected. Blueberries
that had partially burst open were used as a reference. Skin toughness (not tough to
tough) was the measurement of the amount of force needed to bite through the blueberry
skin. Grapes were used as the reference. Grittiness (smooth to gritty) was determined as
the amount of grit or sand paper feeling perceived in the texture of the fruit. Pears with
the skin removed were used as the reference. Seediness (none to very seedy) was
measured by the amount of seeds perceived when a berry is eaten. Dried figs were used
as the reference. Chewiness (not chewy to very chewy) was determined by the time
required for mastication. Grapes were used as the reference. Juiciness (not juicy to very
juicy) was the amount of juice or moisture perceived when eating; oranges were used as
the reference. Sweetness (not sweet to very sweet) was the amount of sweetness
perceived; grape juice was used as the reference. Tartness (not sour to very sour) was the
amount of sourness perceived. Lemons were used as the reference. The flavor (no
blueberry flavor to intense blueberry flavor) was measured by the intensity of blueberry
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flavor sensed by the consumer; blueberry cider (MAFES, Mississippi State University,
Mississippi State) was used as the reference.
The blueberries were placed into eight groups based on seediness, seeds per
volume, (#/mm3 *1000) ratios (Table 2). Three highbush varieties purchased
commercially (The Kroger Company, Private Selection, Cincinnati, Ohio, U.S.A) were
placed in a group to use as the control. All eight variety/line groups were used for the
trained attribute panel (n=8). Each panel member received a sample from each group
(treatment) labeled with a randomized 3-digit number. Panelists were also given water,
unsalted crackers, and expectorate cups. Panelists were instructed to rate the blueberries
on unstructured line scales, placing a line where they thought best quantified each
attribute tested. The scores were then related on a 10-point scale (Figure 14) (Saftner et
al., 2008). Two replications were conducted.
Consumer Panel
One consumer panel was performed at the 2014 Blueberry Growers Education
Workshop in Hattiesburg, MS. Participants, mainly blueberry producers, of the workshop
were asked to determine if there were differences and how large the differences were
compared to the control commercial highbush blueberries (The Kroger Company, Private
Selection, Cincinnati, Ohio, U.S.A) using a difference from control test. Blueberries were
transported frozen in ice chests to Hattiesburg, MS (~3h) and thawed at room temperature
for approximately 20 min before they were served to consumers on paper plates labeled
with the 3-digit random number assigned. Toothpicks and napkins were available for
panelists. Due to the possibility of sensory fatigue, only groupings with extreme seed
counts and berry volumes were tested (groups 2, 6, and 7) against the control (group 1)
13

(Table 2). Panelists were asked to determine if differences existed, how large were the
differences, and to further differentiate if these differences were due to texture, flavor, or
other attributes. No blind control was used in the panel (Figure 14) Panelists were given
space at the bottom of the score sheets to leave comments.
A second consumer panel was performed with faculty and students at Mississippi
State University to determine if consumers could differentiate between blueberry
varieties/lines and a control (group 1). Blueberry groupings with extreme seed counts and
berry volumes were tested (groups 2, 6, and 7) against the control (group1). A blind
control was used in this panel (group 1). A total of 40 panelists participated. Blueberries
were thawed for approximately 30 min and then served to panelists on paper plates
labeled with the 3-digit random number. Toothpicks and napkins were available for
panelists. Panelists were asked to determine if differences existed, how large the
differences were, and to further differentiate if these differences were due to texture,
flavor, or other attributes. Panelists were given space at the bottom of the score sheets to
leave comments.
Chemical Analysis
Analysis of pH, Brix, and Titrable Acidity
Samples from each of the eight groups created by blueberry screening for
seediness (#seeds/mm3 *1000) were further tested for pH, brix, and titratable acidity (TA)
to determine the maturity of the berries. The pH, brix, and TA were measured by
blending 20 grams from each of the blueberry groupings based off seediness (SPV) levels
(Table 2) in a chopper (Black & Decker Model # HC306, Towson, Maryland, U.S.A.) for
approximately three minutes.
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The pH of blended samples was measured using a digital pH meter (Fisher
Scientific, Fair Lawn, New Jersey, U.S.A), after calibrating with buffer solutions at pH 4
and pH 7. A 20-gram sample was blended and placed into a 50 mL beaker. The pH was
recorded after stabilization. The measurements were done in triplicate for each of the
blended samples.
Brix was measured on each of the blended blueberry groupings using a
refractometer (Abbe-3L Refractometer, Bausch & Lomb, U.S.A.). The refractometer was
calibrated with a drop of distilled water. After calibration, one drop of filtered blueberry
juice was placed on the prism and brix was read. The refractometer prism was cleaned
with distilled water and calibrated with a drop of distilled water after each reading. The
measurements were done in triplicate for each of the blended samples and the average
was recorded as °Brix.
To measure titratable acidity, 10 mL of each sample was placed into a 50 mL
beaker and titrated with standardized 0.1 N NaOH (Fisher Scientific Co., Fair Lawn, N.J.,
U.S.A.) to the phenolphthalein end point (pH = 8.2 ± 0.1) The volume of NaOH used was
converted to grams of citric acid (0.064 mg/meq) per 100 mL of juice (Redd and others,
1986) and expressed as TA(%):
% TA (citric acid g/100 mL) =

(𝑚𝐿 𝑁𝑎𝑂𝐻 𝑢𝑠𝑒𝑑) × (𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑡𝑦 𝑜𝑓 𝑁𝑎𝑂𝐻)× (0.064)
𝑚𝐿 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒

× 100 (2)

Experimental Design and Statistical analysis
Fruit size and Seediness
A completely randomized design with three replications was used to determine
differences in number of seeds, volume of berries, and seediness (SPV) among blueberry
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lines and varieties (n=46) (SAS version 9.3, SAS Institute, Cary, NC). Three samples
(replications) from each line or variety were taken at random for measuring fruit size and
seediness. When differences occurred (p ≤ 0.05) among selections, Analysis of Variance
(ANOVA) was used to separate selections using Tukey’s Honestly Significant Difference
(HSD) test. Pearson’s R Correlation was determined for fruit size and seediness using the
correlation function and TDIST was used to determine p values for correlation in
Microsoft Excel (Microsoft Office, 2011, Redmond, Washington, U.S.A.).
Sensory Analysis
After seeds to volume (seediness, SPV) ratios were determined, samples
(replications) were placed into different groupings (Table 2) for sensory analysis.
Completely randomized designs were used for the consumer panels (n=30, n=40) and
attribute panel (n=8) to determine differences (SAS version 9.3, SAS Institute, Cary, NC)
in blueberry attributes. In both consumer panels, when differences occurred (p ≤ 0.05),
Tukey’s Honestly Significance Difference (HSD) test was used to separate treatment
means. In the attribute panel, when significant differences occurred (p ≤ 0.05) Duncan’s
Multiple Range test was used to separate treatment means.
Chemical Analysis
Chemical analysis was performed on samples in the eight different groupings
(Table 2) to determine differences in pH, Brix, and titratable acidity. When differences
occurred (p ≤ .05) (SAS 9.3, SAS Institute, Cary, NC), Tukey’s HSD test was used to
separate treatment means.
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RESULTS AND DISCUSSION

Fruit Size and Seediness
Fruit size (volume) varied (997 – 3112 mm3) between blueberry lines and
varieties, averaging 2059 mm3. Rabbiteye varieties/lines ranged from 997 mm3 to 3112
mm3, averaging 2011 mm3; southern highbush lines ranged from 1173 mm3 to 3139 mm3,
averaging 2208 mm3; and the commercial highbush ranged from 1446 mm3 to 1832 mm3,
averaging 1697 mm3 (Table 1). Safter et al. (2008) found differences in fruit size to be of
practical importance with larger fruits being preferred over smaller sized fruits. The
number of seeds for all selections ranged between 31 and 102, averaging 63 seeds.
Rabbiteye varieties/lines ranged from 31 to 102 seeds, averaging 65 seeds; southern
highbush lines ranged from 43 to 96, averaging 67 seeds; and the control highbush
ranged from 28 to 51, averaging 39 seeds. Seediness, expressed as the number of seeds
per volume of berry (# seeds/volume *1000) was calculated.
Southern highbush selections seediness ratio ranged from 17 to 77 seeds/mm3.
Rabbiteye selections seediness ranged from 67 to 13 seeds/mm3. Differences (p ≤ 0.05)
within the rabbiteye and southern highbush selections existed (Table 1). For rabbiteye
selections, varieties ‘Climax’, ‘Premier’, and ‘Yadkin’ had the highest (p ≤ 0.05) seed per
volume ratio and therefore the highest overall seediness. Based on these seed per volume
rankings, berries were grouped into 8 groups with one group being the control highbush
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varieties (Table 2). Berries were classified into low (≤40 seeds), medium (41≤ M ≤79), or
high (≥80) seeds and with low (≤25), medium (26≤ M ≤ 50), and high (≥ 60) seediness
values (seed/volume *1000).
Previous research has shown that there is a positive correlation between fruit size
and seediness (Chao 2005, Brewer and Dobson 1969). For both rabbiteye and highbush
berries, results varied. Seediness increased with fruit size in some lines while in others
seediness decreased with fruit size. There was varying correlation between fruit size and
seediness (seed/volume *1000) (Figures 1 through 8) in each of the eight groups.
Significant correlations between seediness and volume existed in groups 3 (r =0.53,
p=0.01), 4 (r =0.54, p=0.02), 5 (r =0.77, p=0.0007), and 6 (r =0.67, p=0.02) (p < 0.05, df
= n-2). Within the groups, some rabbiteye or highbush lines exhibited positive correlation
between fruit size and seediness where fruit size and seediness both increased, while in
other lines there was an inverse relationship between fruit size and seediness. For
example, rabbiteye line ‘1905’ had lower seed levels than other rabbiteye varieties/lines
but showed a higher volume (mm3). However, opposite results were found in lines ‘760’,
‘794’, and ‘Tifblue’, where both size and seediness would increase or decrease. In the
southern highbush varieties, line ‘1105’ had high fruit volume and a low number of seeds
while line ‘797’ showed high fruit volume and a high number of seeds.
A possible explanation for the variability in results is most likely due to
differences between blueberry varieties/lines. It has been shown that cross-pollination can
greatly increase the amount of seeds per fruit in blueberries and other fruits (Chao, 2005).
Different pollination levels and/or parents could be a possible reason for the wide range
of results in seeds per volume ratio. In a study on ‘Ellendale’ tangors, a hybrid fruit of
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mandarin and sweet oranges, some pollination parents reduced seed numbers. Similar
results were found in a study on southern highbush blueberries; seediness varied when
different cultivars were cross-pollinated (Müller and others, 2013). Since seediness
reduces the market acceptability of both fresh and processed fruits (Vithanage, 1991),
pollination parents that produced lower levels of seediness became a crucial finding. The
pollination levels and parents are unknown for the berries tested.
One of the main purposes of this study was to determine if there were differences
between frozen southern highbush and rabbiteye varieties/lines against the market
standard (highbush varieties). The seediness (seed per volume *1000) averages of
southern highbush and rabbiteye varieties were 34 seeds/mm3 and 33 seeds/mm3,
respectively. The average seediness in the highbush control/market equivalent was 21
seeds/mm3.
Sensory Evaluation
Consumer Acceptance
In the first difference from control consumer panel performed at the Mississippi
Blueberry Growers Conference (n=30), differences (p ≤ 0.05) were found between the
control and the groups tested (groups 2, 6, and 7) (Table 3). Since no blind control was
used in this panel, a second panel was conducted with a blind control included. The first
30 results from the blind control in the second panel were used to analyze data from the
first panel compared to a blind control. This simulated the results as if a blind control was
used in the first panel. Blind control means between panels 1 and 2 differed since 30
panelists participated in the first panel compared to 40 panelists participating in the
second panel. Consumers in the first panel found groups 6 and 7 to be more different (p ≤
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0.05) from the control than group 1 (blind control) (Table 3). Group 2 was not different
(p > 0.05) from group 1 or group 6. Group 7 had the lowest seediness count (15
seeds/volume *1000) and the lowest average seed count (35 seeds). This suggests that
volume may play a larger role in the perception of seediness and that perceivable
differences may be due to other sensory attributes.
Consumers were asked during the panel to state for each sample whether they
believed the difference was due to texture, flavor, and/or other attributes. Of the 30
panelists, 22 stated which attributes (flavor, texture, or other) they believed made group 7
(low seed count and low seediness count) most different from the control. Of those 22
panelists, 73% stated the difference was due to “flavor”, while only 14% believed the
difference was due solely to “texture” (Figure 10). Consumers found no difference (p >
0.05) between the blind control (low seed count, low seediness count) and group 2,
rabbiteye varieties (medium seed count and high seediness count). This suggests that
differences from the control may be due to differences, not textural differences.
Consumers in this panel had prior blueberry experience, mainly with rabbiteye
blueberries. Experience with rabbiteye blueberries may have made consumers more
familiar with the textural attributes of rabbiteye blueberries leaving consumers to focus
more on flavor attributes.
In the second difference from control consumer panel performed on Mississippi
State’s campus, differences (p ≤ 0.05) were found between group 1 (blind control) and
groups 2, 6, and 7 (Table 3). Panelists found group 1 to be the least different (p ≤ 0.05)
from the control. Group 2 was the most different (p ≤ 0.05) from the control although it
was not different (p > 0.05) from group 7. Group 2 had a high seediness count (56
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seeds/mm3) compared to a lower seediness count in the control (22 seeds/mm3). Group 2
also had a higher number of seeds (69 compared to 39 in control). About one-third (29%)
of panelists perceived the difference in group 2 to be due to “flavor” while 58%
perceived the difference to be due to “texture and other” (Figure 11). This suggests that
seediness and/or textural attributes may be noticeable to untrained consumers that are not
as familiar with rabbiteye varieties.
Sensory Descriptive Attributes
No differences (p > 0.05) existed between blueberry groups with respect to skin
toughness, juiciness, sweetness, or blueberry flavor (Table 4). Color intensity (p ≤ 0.05)
was greater for group 1 (control) blueberries when compared to blueberries from groups
2 and 3 (rabbiteye) and group 8 (southern highbush). There were no differences (p >
0.05) in color intensity between groups 1, 4, 5, 6, and 7. Saftner et al. (2008) reported that
differences in color scores for highbush blueberry cultivars were most likely due to
ripeness. Color darkens during maturation due to the degradation of chlorophyll and the
production of secondary color metabolites (e.g. anthocyanins) (McAtee et al., 2013).
Group 6 was more (p ≤ 0.05) shriveled than all other groups except groups 5 and
7. No other differences (p > 0.05) existed between treatments with the exception of
treatment 7 being more shriveled than group 3. All berries are susceptible to water loss,
results in shriveling. Berries can also leak fluid due to physiological breakdown, which
also contributes to water loss (Mitcham and others, 1998). Smaller berries have been
shown to lose water faster than larger berries since the surface to volume ratio is higher
(Mencarelli & Tonutti, 2013). Group 6 had the highest berry volumes ranging from 1887
to 3238 mm3, averaging 2666 mm3 (Table 1). This suggests that other factors may have
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contributed to the greater shriveling. Skin intactness is another quality affecting water
loss. Group 7 had less (p ≤ 0.05) intact skin than all other groups. Microcracks
(microscopic cracks on the berry’s skin) largely contribute to the permeability of the
berry’s skin, which increases the rate of water loss (Mencarelli & Tonutti, 2013). This
suggests the berries in group 7 may have been susceptible to abrasion during harvesting,
which may have lead to less skin intactness and more water loss. Group 2 was chewier (p
≤ 0.05) than groups 1, 5, and 6. Saftner et al. (2008) reported that varieties with lower
ratings for skin toughness also had lower ratings for texture during chewing.
The control highbush variety, group 1 was less seedy (p ≤ 0.05) than all other
groups with the exception of group 6. Group 3 was seedier (p ≤ 0.05) than all other
groups except 2 and 4. These results appear to be similar to those for seediness values
calculated using seed per volume ratios. Group 2 was categorized as high seediness and
groups 3 and 4 were both classified as medium seediness (Table 2). Groups 2 and 3 were
grittier (p ≤ 0.05) than all others except group 7 and 8. Groups 2 and 3 were categorized
as high and medium in seediness values, respectively. This may have contributed to more
grittiness in these groups. Grittiness in blueberries is commonly caused by seeds and/or
stone cells, comparable to those in pears. In pears, grittiness has been considered a
negative attribute to consumers and detrimental to the quality of the product. (Strik &
Finn, 2008). Grittiness could be a contributing factor to consumer perception of seediness
and textural differences.
Group 1 was less tart (p ≤ 0.05) than groups 4, 5, and 7. Groups 5 and 7 were
found to have the highest titratable acidity (Table 5), although they were not different (p
> 0.05) from group 3 berries. Groups 5 and 7 also had the lowest (p ≤ 0.05) soluble solids
22

to titratable acidity (STA) ratio. High acidity and low soluble solids content can yield a
tart blueberry taste (Wang et al, 2009; Kafkas et al., 2006). Panel results for groups 5 and
7 suggest consumers were able to detect the higher levels of acidity and lower levels on
soluble solids in the berries. Saftner et al. (2008) found no correlation in TA and trainedpanelists scores for tartness and suggested that there may be an optimal acid
concentration needed for enhanced flavor in fruit.
No differences were found in skin toughness, a quality deemed to make frozen
rabbiteye blueberries inferior (Makus and Morris, 1993). This suggests the firmer, thicker
skin of rabbiteye berries may be a positive attribute if berries are to be frozen since it
allows for better harvesting and storage of berries and has no significant effect on the
consumer’s perception of skin toughness.
Chemical Analysis
The highest (p ≤ 0.05) pH (4.3) was found for the control, group 1 (Table 5). The
next highest pH was for group 8, followed by group 6 and then 3. The pH of group 2 was
lower than group 3 but they were not different (p > 0.05) from group 5. The lowest pH
(2.9) was found for group 7. The pH of fruit including blueberries increases as a
blueberry matures due to the breakdown of organic acids in the berry (Chen, 2006).
Soluble solids (brix) levels ranged from 10.9 to 13.6 brix. The highest brix was
found in groups 2 and 5, but groups 2 and 5 were not different (p > 0.05) than groups 1,
4, and 7. The lowest brix was found in group 8 which was different (p ≤ 0.05) than all
other groups. Kader (1999) suggested a minimum brix value of 10 for consumer
acceptance. All 8 groups measured soluble solids levels fell above this suggested value.
Safter et al. (2008) found that soluble solids content values were not correlated with
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sensory scores for sweetness or any other quality attribute. Panelists did not discern
differences in sweetness between groups (Table 4). Kader et al. (2003) determined that
anthocyanins could contribute to soluble solid content values since anthocyanins can
strongly refract light.
Titratable acidity (TA) was lower (p ≤ 0.05) for groups 1 (control), 4, 6, and 8.
Group 3 TA was not different from group 2, but was higher (p ≤ 0.05) than TA for groups
1, 4, 6, and 8. TA for group 3 was not different than for group 7 but was lower (p ≤ 0.05)
than group 5 TA. Titratable acidity is highest in fruit early in development and decreases
upon maturity (Hardy & Anderson, 2010; Chen, 2006). Average TA levels should range
between 0.3 and 1.3% (Almenar and others, 2009). MacLean and NeSmith (2011)
reported much lower TA values that those reported here. Since these results lie on the
upper end of the recommended range and beyond, this suggests that berries were
harvested prematurely. In general, higher TA values are negatively correlated with
consumer acceptance (Mahmood and others, 2012). These results seem to agree with
tartness values from the attribute panel (Table 4).
Maturity was estimated using a soluble solids (brix) to acid ratio (STA) (Figure
12) (Castrejón and others, 2008). STA ratios have been shown to continually increase as
berries mature (Gilbert and others, 2013). Saftner et al. (2008) suggested values from 10
to 33 for optimum consumer acceptance of blueberries. In a study by Castrejón and
others (2008) STA in highbush blueberries ranged from 18.8 to 44.2. The average STA in
this study was 10.8 with values ranging from 7.7 to 16.1 (Table 5). Group 1 had the
highest (p ≤ 0.05) STA and was different from all other groups. Groups 2, 4, 6, and 8
were higher (p ≤ 0.05) for STA than groups 3, 5, and 7. This suggests consumers were
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able to perceive the higher levels of soluble solids and lower levels of titratable acidity.
Differences can occur in both sugar and acid levels due to climatic conditions. Sugar and
acid levels are generally lower in warmer climates compared to cooler climates and
extreme temperatures can prevent blueberries from being harvested at optimum maturity
(Hardy & Sanderson, 2010).
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Table 1

Number of seeds, volume of berry (mm3), and seed per volume
(#seeds/mm3) for each blueberry species and line/variety studied.

Species
Southern HB
Rabbiteye
Rabbiteye
Rabbiteye
Southern HB
Rabbiteye
Rabbiteye
Rabbiteye
Southern HB
Rabbiteye
Rabbiteye
Rabbiteye
Rabbiteye
Rabbiteye
Rabbiteye
Southern HB
Southern HB
Rabbiteye
Rabbiteye
Rabbiteye
Rabbiteye
Rabbiteye
Rabbiteye
Rabbiteye
Rabbiteye
Southern HB
Rabbiteye
Rabbiteye
Rabbiteye
Southern HB
Rabbiteye
Rabbiteye
Rabbiteye
Rabbiteye
Rabbiteye

Line
1105
Climax
Premier
Yadkin
544
Columbus
Tifblue
Brightwell
1190
Austin
358
Brightblue
1984
1660
DeSoto
1444
900
1970
1014
778
194
282
1538
635
1087
797
760
1239
1834
1381
1988
1922
821
794
1228

# Seeds
96 abc
78 abcdefgh
88 abcde
100 ab
88 abcde
89 abcd
61 abcdefghi
83 abcdefgh
51 abcdefghi
69 abcdefgh
86 abcdef
102 a
77 abcdegh
70 abcdefgh
72 abcdefgh
73 abcdefgh
84 abcdefg
83 abcdefgh
89 abcd
62 abcdefghi
64 abcdefgh
68 abcdefgh
70 abcdefgh
56 abcdefghi
56 abcdefghi
64 abcdefgh
72 abcdefgh
45 cdefghi
50 bcdefghi
81 abcdefgh
48 cdefghi
65 abcdefgh
62 abcdefghi
67 abcdefgh
54 abcdefghi
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Volume (mm3 )
1244 efg
1158 fgh
1441 defg
2022 abcdefg
1827 cdefg
1962 abcdefg
997 h
1834 cdefg
1173 fg
1624 defg
2070 abcdefg
2393 abcde
1912 bcdefg
1765 defg
1917 bcdefg
1925 bcdefg
2266 abcdefg
2292 abcdef
2495 abcd
1893 cdefg
1959 abcdefg
2101 abcdefg
2172 abcdefg
1838 cdefg
2011 abcdefg
2178 abcdefg
2454 abcd
1643 defg
1874 cdefg
3018 abc
1853 cdefg
2528 abcd
2450 abcd
2611 abcd
2274 abcdefg

# Seeds/Vol * 1000
77 a
67 ab
59 abc
50 abcd
48 abcde
45 abcdef
43 abcdef
43 bcdef
42 bcdefg
42 bcdefg
42 bcdefg
42 bcdefgh
40 bcdefgh
38 bcdefgh
38 bcdefgh
37 bcdefgh
37 bcdefgh
36 bcdefgh
36 bcdefgh
32 bcdefgh
32 bcdefgh
32 bcdefgh
32 bcdefgh
30 bcdefgh
30 bcdefgh
29 cdefgh
28 cdefgh
27 cdefgh
26 defgh
26 defgh
26 defgh
26 defgh
25 efgh
25 efgh
24 efgh

Table 1 Continued
Species
Southern HB
Rabbiteye
Southern HB
Rabbiteye
Southern HB
Southern HB
Rabbiteye
Rabbiteye
Rabbiteye
Rabbiteye

Line
1546
1269
752
122
1877
1472
1450
1237
853
1905

# Seeds
64 abcdefgh
38 defghi
41 defghi
48 bcdefghi
43 defghi
54 abcdefghi
34 fghi
31 hi
33 ghi
41 defghi
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Volume (mm3 )
3010 abc
1073 gh
2098 abcdefg
2553 abcd
2414 abcde
3139 a
1921 bcdefg
2123 abcdefg
2040 abcdefg
3112 ab

# Seeds/Vol * 1000
21 efgh
21 efgh
19 fgh
19 fgh
19 fgh
17 gh
17 gh
16 gh
16 gh
13 h

Description
Control, Commerical Highbush
Rabbiteye
Rabbiteye
Rabbiteye
Rabbitteye
Southern Highbush
Rabbiteye
Southern Highbush

Classification
Low Seed, Low SPV
Medium Seed, High SPV
High Seed, Medium SPV
Medium Seed, Medium SPV
Medium Seed, Low SPV
Medium Seed, Low SPV
Low Seed, Low SPV
High Seed, High SPV

Lines
Duke, Bluecrop, Bluejay
Climax, Premier, Yadkin
Columbus, Brightwell, Tifblue, 358, Austin, Brightblue, 1984
282, 1538, 778, 194, 635, 1087
1922, 1988, 821, 794, 1228
1546, 752, 1877, 1472
1450, 1237, 853, 1905
1105, 544

Groupings of blueberry varieties/lines from Table 1 based on classification of seed count and berry volume used for
sensory and chemical analysis.

Species
Control, Commerical Highbush
Rabbiteye
Southern Highbush
Rabbiteye

Classification
Low seed, Low SPV
Medium Seed, High SPV
Medium Seed, Low SPV
Low Seed, Low SPV

Panel 1
1.4c
1.6bc
2.3ab
2.6a

Panel 2
1.3c
2.9a
2.3b
2.6ab

Means within a column followed by the same letter are not significantly different using Tukey’s HSD (α = 0.05).

Group
1
2
6
7

Table 3

Difference from control (commercial highbush) scores from two consumer panels on groups of varieties/lines
according to classification of seed count and seediness (seed/volume *1000) (SPV).

Low seed classified as ≤ 40 seeds, medium seed classified between 40 < M ≤ 79 seeds, high seed classified as >80 seeds. Low seed
per volume (seed/volume *1000), seediness (SPV), classified as ≤ 25, medium SPV classified as 26 < M ≤ 50, and high SPV > 50.

Group
1
2
3
4
5
6
7
8

Table 2
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Color
9.0 a
6.5 b
6.3 b
7.4 ab
7.5 ab
7.9 ab
7.7 ab
7.2 b

Shriveling Skin Intactness Skin Toughness Chewiness Juiciness
4.1 bc
7.9 a
3.5 a
4.6 bc
6.4 a
3.2 bc
8.2 a
5.8 a
6.9 a
6.3 a
c
a
a
abc
2.8
7.9
4.6
6.1
6.2 a
bc
a
a
ab
3.5
7.3
4.7
6.8
6.8 a
abc
a
a
c
4.4
8.2
4.3
4.4
6.7 a
6.0 a
7.4 a
3.9 a
4.3 c
6.2 a
ab
b
a
abc
5.0
4.5
3.9
5.1
6.6 a
bc
a
a
abc
3.6
7.2
3.5
4.8
6.0 a

Grittiness Seediness Sweetness
4.0 bc
1.5 d
4.1 a
6.9 a
4.8 abc
4.3 a
a
a
7.2
6.4
3.9 a
bc
ab
4.7
5.1
4.2 a
bc
bc
4.6
4.4
4.8 a
3.5 c
3.1 cd
4.6 a
abc
c
5.0
3.3
3.4 a
ab
bc
5.5
4.2
4.4 a

Tartness
2.7 d
3.5 bcd
4.5 abcd
4.9 abc
5.4 ab
3.4 dc
6.2 a
3.7 bcd

Blueberry Flavor
4.8 a
5.5 a
4.5 a
4.4 a
5.6 a
4.5 a
5.7 a
4.1 a

Attribute panel scoring of attributes on a 10-point scale for blueberry variety/lines after categorization into eight
groups according to seediness (seed/volume *1000).

A score of 0 was given for attributes that were not observed in the sample and a score of 10 was given for attributes when perceived
as being most extreme. Means within a column followed by the same letter are not significantly different using Duncan’s multiple
range test (α = 0.05)

Group
1
2
3
4
5
6
7
8

Table 4
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Table 5

pH, brix, and titratable acidity (TA), and soluble solids to acid (STA) levels
for blueberry selections after categorization into eight groups according to
seediness (seed/volume *1000) (SPV).

Group
pH
Brix
TA (% citric acid)
STA
a
abc
e
1
4.3
13.0
0.8
16.1 a
2
3.3 e
13.6 a
1.3 cd
10.8 b
3
3.5 d
12.3 bc
1.5 bc
8.4 c
4
3.2 f
13.3 ab
1.0 de
12.9 b
5
3.4 de
13.6 a
1.8 a
7.7 c
6
3.7 c
12.2 c
1.1 de
11.2 b
7
2.9 g
12.8 abc
1.6 ab
8.2 c
8
3.9 b
10.9 d
1.0 de
11.1 b
Means within a column followed by the same letter are not significantly different using
Tukey’s HSD (α = 0.05).
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Figure 2

Relationship between fruit volume (mm3) and number of seeds per fruit for
each replication of Group 1(control Highbush) blueberry varieties.

Correlation R = 0.03 p = 0.98
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Figure 3

Relationship between fruit volume (mm3) and number of seeds per fruit for
fruit for each replication of Group 2 (rabbiteye varieties).

Correlation r = 0.76, p = 0.64

Figure 4

Relationship between fruit volume (mm3) and number of seeds per fruit for
fruit for each replication of Group 3 (rabbiteye varieties/lines).

Correlation r = 0.53, p = 0.01
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Relationship between fruit volume (mm3) and number of seeds per fruit for
fruit for each replication of Group 4 (rabbiteye varieties/lines).

Figure 5

Correlation r = 0.54, p = 0.02
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Figure 6

Relationship between fruit volume (mm3) and number of seeds per fruit for
fruit for each replication of Group 5 (rabbiteye varieties/lines).

Correlation r = 0.77, p = 0.0007
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Relationship between fruit volume (mm3) and number of seeds per fruit for
fruit for each replication of Group 6 (southern highbush varieties/lines).

Figure 7

Correlation r = 0.67, p = 0.02
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Figure 8

Relationship between fruit volume (mm3) and number of seeds per fruit for
fruit for each replication of Group 7 (rabbiteye varieties/lines).

Correlation r = 0.52, p = 0.08
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Figure 9

Relationship between fruit volume (mm3) and number of seeds per fruit for
fruit for each replication of Group 8 (southern highbush varieties/lines).

Correlation r = -0.52, p = 0.29
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Figure 10

Blueberry characteristics contributing to the difference from control for
Group 7 in the consumer panel at Mississippi Blueberry Growers
Conference with blueberry growers.
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Figure 11

Blueberry characteristics contributing to the difference from control for
Group 2 in the consumer panel at Mississippi State University with
students and faculty.
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Figure 12

Page 1 of the score sheet for attribute panel to rate consumer perceptions of
attribute intensities.

Scores were related back on a 10-point scale.
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Figure 12 Continued

Figure 13

Difference from control score sheet consumer panels comparing three
groups blueberry varieties/lines based off of seed count and seediness
(SPV) and a blind control to a control (highbush varieties).

37

SUMMARY AND CONCLUSIONS

The number of seeds, volume of berries, and seediness (# seeds/volume *1000)
varied between blueberry varieties and lines. In previous research, positive correlations
were found between fruit size and seediness. In this research, significant correlations
existed for 4 of the 8 grouped samples. In both of the consumer panels, panelists found
the rabbiteye blueberry samples to be different (p ≤ 0.05) from the commercial highbush
control. A majority of panelists commented that the differences reported were due to
flavor differences. The attribute panel found differences in textural attributes including
seediness, shriveling, grittiness, and chewiness. Panelists scored groups 2, 3, and 4
rabbiteye lines/varieties highest in seediness. These three groups also had medium to high
seed counts and medium to high seediness (SPV) counts. Comparison of the group’s
seediness and grittiness scores in the attribute panel suggests that panelists may have
intertwined scores between the two attributes as seeds have been shown to contribute to
grittiness (Strik & Finn, 2008).
There was no evidence in this study to support or reject the hypothesis that
rabbiteye blueberries are of inferior quality due to textural attributes including seediness
and skin toughness. Further research should be performed on fresh rabbiteye berries to
determine textural differences before freezing and to see what changes blueberries may
undergo at the cellular level during freezing. Climatic conditions can alter chemical
38

composition in blueberries, including brix and acidity; due to extreme weather conditions
in Mississippi last season, another season of blueberry data should be performed. It may
also be important to determine consumer preferences in blueberries. Although consumers
perceived varieties/lines to have certain levels of each attribute, research should be done
to see which varieties/lines consumers prefer. As suggested by the consumer panels,
consumers may prefer or rate blueberries based upon flavor attributes more than textural
attributes, making some varieties more desirable than others solely due to taste.
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SEEDS, VOLUME, VOLUME PER SEED, AND SEEDS PER VOLUME
(#SEEDS/VOLUME*1000) ACCORDING TO BLUEBERRY
SPECIES AND VARIETY/LINE
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Species
Southern HB
Rabbiteye
Rabbiteye
Rabbiteye
Southern HB
Rabbiteye
Rabbiteye
Rabbiteye
Southern HB
Rabbiteye
Rabbiteye
Rabbiteye
Rabbiteye
Rabbiteye
Rabbiteye
Southern HB
Southern HB
Rabbiteye
Rabbiteye
Rabbiteye
Rabbiteye
Rabbiteye
Rabbiteye
Rabbiteye
Rabbiteye
Southern HB
Rabbiteye
Rabbiteye
Rabbiteye
Southern HB
Rabbiteye
Rabbiteye
Rabbiteye
Rabbiteye
Rabbiteye
Southern HB
Rabbiteye
Southern HB
Rabbiteye
Southern HB
Southern HB
Rabbiteye
Rabbiteye
Rabbiteye
Rabbiteye

Line
1105
Climax
Premier
Yadkin
544
Columbus
Tifblue
Brightwell
1190
Austin
358
Brightblue
1984
1660
DeSoto
1444
900
1970
1014
778
194
282
1538
635
1087
797
760
1239
1834
1381
1988
1922
821
794
1228
1546
1269
752
122
1877
1472
1450
1237
853
1905

Volume (mm3 )
1244.7 efg
1157.8 fgh
1440.6 defg
2022.1 abcdefg
1826.5 cdefg
1962.4 abcdefg
996.7 h
1837.7 cdefg
1173.2 fg
1624.3 defg
2069.7 abcdefg
2392.6 abcde
1911.7 bcdefg
1764.6 defg
1916.8 bcdefg
1925.4 bcdefg
2265.6 abcdefg
2292.4 abcdef
2494.7 abcd
1892.5 cdefg
1958.5 abcdefg
2100.6 abcdefg
2171.7 abcdefg
1838.1 cdefg
2010.9 abcdefg
2177.9 abcdefg
2453.6 abcd
1642.8 defg
1873.5 cdefg
3017.6 abc
1853.3 cdefg
2527.9 abcd
2449.8 abcd
2610.9 abcd
2274.2 abcdefg
3010.4 abc
1072.9 gh
2097.9 abcdefg
2552.6 abcd
2414.2 abcde
3139.4 a
1921.3 bcdefg
2122.8 abcdefg
2040.1 abcdefg
3112.3 ab

Seeds
96 abc
78 abcdefgh
88 abcde
100 ab
88 abcde
89 abcd
61 abcdefghi
83 abcdefgh
51 abcdefghi
69 abcdefgh
86 abcdef
102 a
77 abcdegh
70 abcdefgh
72 abcdefgh
73 abcdefgh
84 abcdefg
83 abcdefgh
89 abcd
62 abcdefghi
64 abcdefgh
68 abcdefgh
70 abcdefgh
56 abcdefghi
56 abcdefghi
64 abcdefgh
72 abcdefgh
45 cdefghi
50 bcdefghi
81 abcdefgh
48 cdefghi
65 abcdefgh
62 abcdefghi
67 abcdefgh
54 abcdefghi
64 abcdefgh
38 defghi
41 defghi
48 bcdefghi
43 defghi
54 abcdefghi
34 fghi
31 hi
33 ghi
41 defghi
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Vol(mm3 )/Seeds
13 h
15 gh
17 gh
20 fgh
21 efgh
22 efgh
23 efgh
23 efgh
24 efgh
24 efgh
24 efgh
24 efgh
25 efgh
26 cdefgh
26 cdefgh
27 cdefgh
27 cdefgh
28 cdefgh
28 cdefgh
31 bcdefgh
31 bcdefgh
31 bcdefgh
31 bcdefgh
33 bcdefgh
33 bcdefgh
35 bcdefgh
36 bcdefgh
37 bcdefgh
38 bcdefgh
38 bcdefgh
39 bcdefgh
39 bcdefgh
40 bcdefgh
40 bcdefgh
42 bcdefgh
47 abcdefg
48 abcdefg
53 abcdef
53 abcdef
54 abcde
58 abcd
59 abc
64 ab
64 ab
77 a

Seeds/Vol (mm 3 )
77 a
67 ab
59 abc
50 abcd
48 abcde
45 abcdef
43 abcdef
43 bcdef
42 bcdefg
42 bcdefg
42 bcdefg
42 bcdefgh
40 bcdefgh
38 bcdefgh
38 bcdefgh
37 bcdefgh
37 bcdefgh
36 bcdefgh
36 bcdefgh
32 bcdefgh
32 bcdefgh
32 bcdefgh
32 bcdefgh
30 bcdefgh
30 bcdefgh
29 cdefgh
28 cdefgh
27 cdefgh
26 defgh
26 defgh
26 defgh
26 defgh
25 efgh
25 efgh
24 efgh
21 efgh
21 efgh
19 fgh
19 fgh
19 fgh
17 gh
17 gh
16 gh
16 gh
13 h

